The treatment of cardiac failure involves a series of steps, which are taken in an order determined by clinical necessity. In some instances there is a treatable cause which may be amenable to appropriate medical or surgical management. In many there are correctable factors exacerbating the situation, for example high blood pressure, anaemia, arrhythmias, high salt intake or drugs such as beta-blockers. More specific treatment includes rest and diuretics, with or without digoxin. If these measures prove insufficient, the next step is to add a vasodilator. There are a number of vasodilators available with only preliminary information on their relative merits (Lipkin & Poole-Wilson, 1985) . The calcium antagonists are one group of vasodilators but they have other actions which may make them an attractive choice in a patient with resistant heart failure.
Most patients with chronic cardiac failure have either ischaemic heart disease, hypertension or longstanding chest disease with pulmonary hypertension, as the major underlying cause of their heart disease. Calcium antagonists have the potential to ameliorate each of these three underlying disorders. In patients with coronary artery disease calcium antagonists will dilate the coronary arteries (Bourassa et al., 1980) , reduce spasm (Antman et al., 1980) and improve flow by their effects on platelets (Dale et al., 1983 ) and red cells (Waller et al., 1984) . Calcium antagonists reduce heart work (Ellrodt et al., 1980) and have an antiarrhythmic effect (Fagbemi & Parratt, 1981) . There is ample evidence that these actions are effective since calcium antagonists have repeatedly been shown to help patients with angina Gerstenblith et al., 1982; Theroux et al., 1982) . These drugs have also established a major place in the treatment of systemic hypertension (Hornung et al., 1983; Buhler et al., 1982) . Their role in pulmonary hypertension is much less clearly defined but it is possible that they do reduce pressure in the pulmonary vascular bed (Sturani et al., 1984; Packer, 1985) .
In addition to their effect on the underlying disorder, calcium antagonists correct the disturbed haemodynamic state which occurs in cardiac failure. This state consists of (1) reduced cardiac output, (2) compensatory tachycardia, vasoconstriction and fluid retention and (3) cardiac dilatation and hypertrophy.
The body responds to a fall in blood pressure by increasing sympathetic drive which produces the tachycardia, vasoconstriction and renin release. The latter, together with other less well defined processes, causes fluid retention. These responses may help the patient with hypotension due to blood loss but the patient with serious cardiac disease is faced with 3 events which all increase heart work. In addition, tissue perfusion decreases. The cardiac enlargement which occurs may initially have a beneficial effect and improve cardiac output but eventually these structural changes lead to an increase in heart work and exacerbate the problems associated with a defective coronary circulation. The aims of treatment are therefore to improve cardiac output and hopefully to correct the counterproductive responses both functional and structural. Calcium antagonists have 3 major actions which might enable them to achieve the aims of treatment just defined. Firstly, they relax arterial smooth muscle (Katz et al., 1984; Opie, 1984) and thereby dilate arteries and reduce peripheral resistance. Secondly, they reduce myocardial contractility in the same way by modifying the cellular intake of calcium which is a major stimulus to cardiac muscle contraction (Katz et alt, 1984; Opie, 1984) . Thirdly, they influence the conducting system in the heart and in particular they delay transmission in the A-V node (Clusin et al., 1982; Opie, 1984) . Of these, it is the vasodilatation which is most important but all three may contribute to the twin objectives of achieving increased cardiac output and a reduction in heart work. The output of a pump can be increased by reducing the impedance to flow. In relation to the heart the impedance is predominantly determined by systemic arteriolar tone or resistance but also by blood viscosity and by blood volume. The arterial vasodilatation produced by calcium antagonists is therefore of paramount importance but their effects on red cells which reduce the viscosity of the blood (Waller et al., 1984) and their natriuretic effects (Bell & Lindner, 1984; Johns, 1985) probably also assist. These changes will not only increase cardiac output but also reduce heart work. The effects of calcium antagonists on A-V conduction may help by preventing the development of a reflex tachycardia which may occur when a simple arterial vasodilator is given.
Hitherto calcium antagonists have been referred to as ifthe drugs were chemically similar agents which all acted in the same way. In reality the three drugs nifedipine, diltiazem and verapamil are chemically and pharmacodynamically distinct (Opie, 1984; Spedding, 1985) with differing potentials for use in heart failure. Nifedipine There are in fact many acute haemodynamic studies which have purported to show the reduction in preload and afterload produced by sublingual nifedipine (Matsui et al., 1979; Matsumoto et al., 1980; Elkayam et al., 1985) . The results ofthese studies must be considered encouraging but most cannot be considered adequate, controlled clinical trials. A study by Ludbrook and colleagues (1982) , which was randomized and single blind, involved 13 patients with heart failure given placebo whilst 19 received 20 mg nifedipine. In those on nifedipine there was a significant reduction in afterload and myocardial oxygen requirements with significant increases in ejection fraction and cardiac output. Placebo treatment did not produce any improvements. Acute studies have also demonstrated that nifedipine has a beneficial effect in exercise and may improve oxygen supply/demand ratios (Magorien et al., 1984) .
Chronic studies in patients with heart failure tend to be difficult to perform and to interpret since the patients are not only ill but usually elderly and on other medication. Occasional lack ofsuccess and some deaths are therefore inevitable. Not surprisingly therefore chronic administration studies have yielded conflicting results. Guazzi and colleagues (1984) , for example, gave nifedipine to 15 patients with failing left ventricles due to long standing hypertension. They achieved a reduction in vascular resistance and an improvement in dyspnoea. This confirmed the results of an earlier investigation (Bellocci et al., 1981) in which 8 patients with refractory heart failure (NYHA 3 and 4) were given nifedipine over a 2 month period and a significant reduction in vascular resistance and an increase in cardiac index were achieved and maintained (P<0.001). On the other hand Brooks and colleagues (1980) reported that 2 of their 6 patients with heart failure deteriorated and Elkayam et al. (1983) found little clinical benefit using nifedipine in their 11 cardiac failure patients.
Verapamil
Verapamil has established for itself a major place in the treatment of cardiac arrhythmias and is a drug of first choice in the treatment of supraventricular tachycardia (Schamroth, 1980) . However, it is also an effective antihypertensive drug (Gould et al., 1982) with a different side effect profile from nifedipine, and it controls angina (Boutles et al., 1983) . It has to be used cautiously with beta-blockers and must never be given intravenously to a beta-blocked patient.
Verapamil has been used to treat heart failure but care is needed to build the dose up to the required level since too large a dose may cause negative inotropic effects. Rosing and colleagues (1981) used increasing doses up to a maximum of 120mg 6-8 hourly in 78 patients with hypertrophic cardiomyopathy and achieved symptomatic improvement in 42 (in 25 of these by at least one NYHA class). Treatment had to be curtailed in 6 because of adverse haemodynamic and conduction defects. In two studies in which verapamil was given intravenously (Ferlinz et al., 1979; Ferlinz & Citron, 1983 ) systemic vascular resistance was reduced in a total of 34 patients with heart failure and indications of left ventricular performance improved. Unfortunately if larger doses are used in patients with more severely compromised left ventricular function, heart failure may be made worse (Chew et al., 1981) . Dose is clearly critical (Kates et al., 1981) .
The haemodynamic risks of verapamil may be counterbalanced by the potential benefits which derive from its anti-arrhythmic actions. Many patients with chronic cardiac failure die suddenly (Franciosa et al., 1983) . Some of these are presumed to be associated with ischaemic ventricular tachyarrhythmias which may be suppressed by verapamil (Clusin et al., 1982) . Diltiazem This is often considered a relatively new calcium antagonist but it has been used extensively for many years particularly in Japan but also in the United States. It is believed to be a good coronary vasodilator which is effective in the treatment of angina (Petru et al., 1983) and can be used with beta-blockers (Strauss & Parisi, 1985; Johnston et al., 1985) indicating that it has less cardiodepressant action than verapamil. Walsh and colleagues (1982) have demonstrated clinical and haemodynamic improvements in six patients with ischaemic heart failure when they were treated with intravenous followed by oral diltiazem (120mg three times daily). Materne et al. (1984) also have experience of intravenous diltiazem. They used larger doses and recommended caution as bradycardia may occur if too large a dose is given.
New calcium antagonists
The three drugs described above are the first generation of drugs that act by calcium antagonism. There are many more being evaluated and several more generations can be expected. Some ofthese which have relatively little negative inotropic action, sufficient effect on the A-V node or other actions to prevent the development of compensatory tachycardias and potent vasodilatory effects on both peripheral and coronary arteries may prove even more effective in the treatment of heart failure. Felodipine for example appears to have a greater degree of vascular selectivity than nifedipine (Ljung, 1980) . Early data on this agent suggest that it may produce acute haemodynamic improvements in heart failure when given acutely (Culling et al., 1984) and may improve exercise tolerance in the longer term (Timmis et al., 1984a,b) .
Conclusions
Vasodilators are now an important part of the treatment of the patient with more resistant cardiac failure. Calcium antagonists could be considered a reasonable choice in this situation since they may exert a beneficial effect not only on the haemodynamic disturbances encountered in heart failure but also on the underlying disease process particularly if it is ischaemic heart disease (Kendall & Horton, 1985) or hypertension. Furthermore they may be expected to correct the deleterious compensatory responses of fluid retention and vasoconstriction with the resulting impairment of tissue perfusion. They may also be able to correct some of the compensatory cardiomegaly (Strauer et al., 1984; Friberg, 1985) .
The situation has been reached where the concept of calcium antagonists being potentially useful in the treatment of heart failure has to be accepted. It is now necessary to determine their place in management. Much more data is required and this must be based on good controlled trials which are currently lacking (Lipkin & Poole-Wilson, 1985) . In addition there must be studies comparing them with the more conventional vasodilators and more particularly with the angiotensin converting enzyme inhibitors.
